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[57] ABSTRACT 

A bicycle having an improved suspension system in* 
eluding a rotary damper and composite springs. Springs 
which closely control the direction of allowable move- 
ment in the suspension preclude rocking, twisting or 
unwanted lateral deflections. 

21 Oaims, 12 Drawing Sheets 
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700 grains and have a travel of about 5 cm. For refer- 

HIGH EFFIdENCY BICYCLE SUSPENSION ence a Klein Mission Control TM , sold by the assignee 

hereof, has a stem length of 135 mm and an assembly 

This is a continuation of application Ser. No weight of 355 grams. 
07/945,060, filed Sep. 18, 1992, now abandoned. 5 Front forks have seen more recent development from 

The invention relates to a compact, high perfor- the old Schwinn type leading or trailing pivot designs 
mance, Ughtweight, very low static friction suspension utilizing a metal spring. The more modem units make 
system for the seat, handlebar and front and rear wheels use of sliding tube construction, similar to a modem 
of a bicycle or other vehicle with positive geometry motorcycle. Some of these use dual sliding fork blades, 
control of the suspended motion and utilizing an op- 10 with air or mechanical springs and hydraulic or me- 
tional optimized low static friction rotary or linear liq- chanical friction damping. Some front forks use a sUd- 
uid shock absorber design with variable fluid logic mg fit m the head tube again with an air or mechanical 
damping or a low static friction variable magnetic spring and a hydraulic or mechanical friction damping, 
damping. The mvention as applied to the saddle also One recent design incorporates , a leading link design 
allows for convenient vertical, horizontal and angular 15 with 11 mechanical bushing pivots and a typical linear 
adjustment of the saddle without effect on the suspen- pressurized air/oil shock absorber unit mounted in front 
sion movement itself. The invention as it applies to the of the head tube. In another fork (using a leading link 
handlebar can allow for convenient length and height mechanism), the only mechanism tying the left side with 
adjustment of the handlebar. The saddle and handlebar the right is the standard front hub axle. This design 
devices further can fit on a standard 'existing' bicycle 20 requires the use of a relatively heavy front disc brake. In 
frame without modification. A less expensive version of most of the above suspension forks, both high static 
the invention also uses low static friction controlled friction and poor mechanism stiShess (in torsion and 
movement, but instead of the rotary or linear hydraulic cantilever bending modes) result in poor suspension 
type shock absorbers uses a combination of springs and response, loss of steering and directional control loss of 
elastic polymer devices to control damping and travel 25 pedalling energy during climbing or accelerating. In the 
of the unit Similar articulations are applied. Even the units with less static friction, but with poor stif&iess, the 
suspension without oil damping performs in a superior result feels sort of like riding on a flat or partially de- 
manner to prior art flated front tire, with a vague or sloppy steering re- 

The suspension system including spring pivots, with sponse. Most of the front suspension forks have a total 
very low static friction fluid logic shock absorbers, 30 travel of less than 5 cm. 

could be used to provide improved ride, stability, trac- One of the big problems with bicycle suspensions is 
tion and noise control on all types of vehicles. the wear life of the suspension unit. The sliding type seal 

The early prior art includes many examples of sprung designs work and last well on a car or motorcycle by 
saddles, sprung forks and sprung handlebars from many using a relatively high contact pressure seal. The sliding 
years back. Typically these consist of metal pivots and 35 type seals are much more difficult to make work on a 
rubber, leather or metal spring elements. None of these bicycle because the bicycle mass is so much less and the 
are currently regarded as high performance or competi- seal and bearing friction must be also proportionately 
tion suspension devices. Genially the old designs are low. For example, if the bicycle is 24 pounds, and the 
very heavy compared with the equivalent stmcture in a motorcycle is 350 lbs, the bicycle static friction would 
modem racing bicycle. More recent prior art includes a ^ be 0.07 or 7% that of the motorcycle proportionately, 
saddle suspension composed of a long double fiberglass So far many of the seal and bearing designs have either 
or caibon fiber cantilever spring with a bonded rubber been short in longevity or have unacceptable static 
layer between the springs for damping, with weight of friction or both. One of the most popular forks has 
1020 grams and a Imear hydraulic shock absorber with required frequent rebuilding due to wear and contami- 
intemal spring built into a seat post for suspending the 45 nation. 

seat with a weight of 812 grams in sted, 625 grams in One prior art commercial seat suspension has a very 
aluminum and 575 grams in titanium. Except for the one senative action in the desired direction, which feels and 
recent design, most seat post suspensions have about 2 works very well on small bumps or repetitive small 
to 4 cm of total suspension travel. By way of compari- bumps such as a rodced-road. But the lack of adequate 
son, a typical high quality mountain bicycle seat post 50 damping, geometry control and travel limits cause the 
weighs about 250 grams, a road seat post less than 200 rider to lose control under vigorous multiple bump 
grams. So a weight penalty of 300 to 400 grams or more conditions. Also the design does not adequately control 
is the cost of a few cm of seat travel. The referred to the lateral, torsional and angular motions of the saddle, 
recent design, although heavier, has substantial seat because of its extended flexible beam configuration, 
travel, on the order of about 8 cm 0t is hard to tell 55 Furthermore, this configuration significantly reduces 
exactly since there are no travel limits built into it). the rider clearance upon dismounting, which is not 

Concerning handlebar suspensions currently on the desirable, 
maricet, there is a handlebar made of a rubberize mate- Another recent prior art saddle suspension design 
rial. This design flexes in all the wrong directions as utilizes a telescoping spring and hydraulic device for 
well as the right one to a couple of handlebar stem 60 energy absorption. This design was found to be very 
designs which pivot off of the front of the steerer tube insensitive to the vibration response of the fr^e. The 
and allow the bars to pivot in a forward and downward static friction from the sliding hydraulic seals and the 
motion. These use a polymer device, metal spring or sliding load supporting bushings require a substantial 
combination of the two as both a load supportmg spring bump to cause any suspension movement. Furthermore, 
and damping medium. Typical weights of these stems 65 the nature of the sliding mechanism is such that it has 
range from 580 grams for an all titanium model handle- considerable fore-aft and side to side play in it. The 
bar to 526 grams for a steel stem only. These units have rider loses the feeling of control of the bike through the 
less than 2 cm ofusable travel Some stems weigh 600 to saddle. 
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We have detennined through testing and evaluation 
that any suspension or suspension component as relates 
to a bicycle needs the following features to be truly 
superior: 

Lightweight in total 

Lightweight on iinsuspended portions 

Durable 

Wear resistant 

Absence of '*play" or looseness in the pivots 
Rigid or resisting deflection in all directions except the 

desired direction of suspension travel. 
Substantial amount of travel 

Smooth, damping method which allows easy travel on 
small deflections, with increasing resistance as deflec- 
tion and velocity increase. 

Zero or substantially zero static friction, supple feel. 

Adjustable damping curves, preferably while in use. 

Fluid or damping medium with minimum temperature 
effects. 

I>amping resistance curve which increases at a 
smoothly diminishing rate at high velocities 

Simplicity, minimum of components, fosteners and wear 
surfaces. 

Minimize forward energy lost to bumps 
Minimize pedalling energy lost by suspension resonance 

and absorption 
Supple suspension at handlebars and seat 
Firmer suspension at wheels 

Return the tire tread to the ground quickly for best 
traction, or even better, keep it on tiie ground with 
consistent pressiirc. 

Cushion the bike and the rider from stress and shock 

Cushion and protect the tires and wheels from impacts. 

Do nothing to cause the rider to lose control, steering or 35 
balance of the bike. 

The objects of the invention are to provide an im- 
proved Ughtweight suspension systems and components 
thereof, particularly useful for bicycles and applicable 
to all four isolation units in a bicycle suspension system: 40 
handlebar, saddle and front and rear wheels. 

The above and other objects, advantages and features 
of the invention will become more clear when consid- 
ered with the following specification and accompany- 
ing drawings wherein: 

FIG. 1 is a diagrammatic illustration of an idealized 
bicycle suspension system, 

FIG. 2 is an ei^loded isometric view of the zero or 
low friction rotary damper or shock absoiber employed 
in preferred embodiments of the invention, 

FIG. 3 is a diagranunatic sectional view of the rotary 
daniper shown in FIG. 2, 

FIGS. 4a, 4b, and 4c are detailed illustrations of a 
DeLaval nozzle dedgn according to the invention (di- 
mensions given in each embodiment are exemplary), 

FIGS. 5a 5fr and 5c illustrate a modification of the 
wiper block flow control passage of I^GS. 4a>-4</ 
wherein the DeLaval nozzle is provided with sharp 
orifices, 

FIGS. 6a, 6b, 6c, 6d and 6e illustrate details of a fur- 60 
ther modification wherein a vortex diode is incorpo- 
rated with the DeLaval nozzle, 

FIGS. 7a, lb and 7c illustrate details of a further 
modification wherein a mechanical check valve is in- 
corporated with the DeLaval nozzle, 

FIG. 8 are curve plots of stroke velocity vs. damping 
force and illustrate the effect of the fluidic head-type on 
damping characteristics, 



45 



50 



55 



65 



FIGS. 9a and 96 illustrate stroke dependent damping 
characteristics, 

FIG. 10 illustrates damping force vs. stroke displace- 
ment curves for the preferred embodiment, 

FIG. 11a is an exploded diagranunatic illustration of 
the handlebar shock isolation system incorporating the 
invention; FIG. lib is a diagrammatic illustration of the 
assembled unit; and FIG. 11c is a sectional view thereof, 

FIG. 12 is a diagrammatic illustration of a seat sus- 
pension incorporating the invention, 

FIG. 13 is a diagrammatic illustration of a rear wheel 
suspension incorporating the invention, and 

FIG. 14 is a diagrammatic illustration of a front wheel 
suspension incorporating the invention. 

DETAILED DESCRIFnON OF THE 
INVENTION 

Light weight is important on a bicycle. The complete 
suspension mechanism installed should not increase the 
weight of the bicycle appreciably. A top quality all 
terrain bicycle with full working suspension should 
weigh under 25 lbs. A top quality road bicycle should 
weigh in at under 21 lbs. A top quaUty tandem should 
weigh in at under 36 lbs (road), 40 lbs (all terrain). Ac- 
cording to the invention: 

Static friction (the amount of force necessary to begin 
movement) should be low enough to permit the sus- 
pension to work effectively in most all conditions. 

The spring rate needs to be optimized to the load, sus- 
pension travel, excitation and damping conditions. It 
is generally desirable to have a relatively low spring 
rate in the normal working portion of the suspension, 
with progressively higher rates coming in at the top 
and bottom portions of the travel, to prevent bottom- 
ing out or over-travel under extreme bumps or re- 
bounds. Typically, a suspended load in combination 
with a spring will oscillate at a resonant frequency Frw 
For a spring rate K expressed in poundsyb/ce per inch 
of travel and a load M m poundsmub the 
Fr=(K*384/M) V(2*PI) . For bumps or excitations 
below this frequency, the load M will exhibit little 
isolation from the bump. In other words, the load will 
follow the bump. As the frequency (or speed) of the 
bump increases to the resonant frequency Fr, the 
load-spring combination t>egin$ to resonate with the 
excitation frequency, traveling fiarther than the bump 
height, even to the condition of oscillating wildly out 
of control if insufficient damping is present. At fre- 
quencies (or speeds) higher than the square root of 2 
times Fn the load begins to exhibit isolation from the 
bump. The suspension is working. Although a certain 
amount of damping is required to control and damp 
out repeated oscillations, in general, the higher the 
level of damping, the less isolation from bumps will 
result 

The suspension system on a bicycle has some unique 
problems. The pedalling motion of the rider can also 
induce unwanted movement and/or oscillations. The 
bicyclist will typically pedal between 40 and 100 revo- 
lutions per minute, each revolution consisting of two 
pedal strokes. Thus the cyclist is normally inducing 
frequencies between 1.3 and 3.3 hertz. In a sprint, the 
competitive cyclist can spin up to 130 revolutions per 
minute for a very short duration, which is 4.3 hertz. The 
bumps, on the other hand, can range from about 5 hertz 
for a large bump at low speed to more than 50 or 60 
hertz for a small bump at high speed. If we were dealing 
with a strictly mechanical spring system, the fninimiiTn 
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Fr would need to be substantially larger than 3.3 hertz in 
order that pedalling would not induce unwanted oscilla> 
tions or movement of the suspension system. Designing 
Fr substantially higher than 3.3 hertz would put it up 
into the low frequency portion of the bump range. This 5 
is not desirable either. The low frequency bumps could 
then induce oscillation into the suspension system. If 
were raised to be above the normal operating range of 
bump frequencies, it would not respond at all to the 
bumps we are trying to damp. Fortunately, there is a 10 
way around the problem. By using multiple suspension 
actions and both intelligent variable and human damp- 
ing means, a very efficient and high performance sus- 
pension system can be created. For example, with sus- 
pension actions at the handlebar and front fork, we can 15 
tune the system to greatly reduce the possibility of oscil- 
lation. The handlebar is only affected by the weight on 
the bands, with a relatively small input of pedalling 
forces. Its Fr can be tuned down close to or below the 
pedalling frequency range-without ill effect. Hie front 20 
fork, on the other hand, takes a substantial amount of 
the pedalling forces, along with the hand forces of the 
handlebar. It is best tuned to a frequency above the 
pedalling frequencies. The same type of tuning works 
for the seat suspension and the rear wheel suspension. 25 
The seat will b^ be tuned to a lower frequency and the 
rear wheel will use a much stifTer spring rate to achieve 
a higher frequency. 

The rear wheel suspension requires special attention. 
The high compressive forces on the chainstays and 30 
particularly on the right chainstay created by the chain 
tension need to be designed for (see Klein U.S. Pat. No. 
4,621,827). The chain tension varies with the pedal 
position significantly. Also, particularly when the rider 
is climbing out of the saddle, but even to some degree 35 
when the rider is seated, the rider has a tendency to 
pounce on each pedal stroke, or load the bike in a down- 
ward fashion. This up and down loading is not without 
purpose. It allows the rider to apply more impulse 
power to the pedal in its best position, and as the rider 40 
creates an impulse of pedal power, he also creates addi- 
tional down force on the rear wheel, creating additional 
traction to accept the power impulse. Further, with the 
power impulse, the bike accelerates on each pedal 
stroke, also shiftmg weight to the rear wheel and en- 45 
hancing rear traction. 

In a sprint, the rider will shift his or her weigiht for- 
ward over the front wheel, and may still experience the 
front wheel lifting off of the ground slightly at the peak 
impulse of each pedal stroke. For a spedfic gear ratio, SO 
road condition, pedal impulse, bike geometry and rider 
down force in^ulse, there will be a vector angle such 
that the chain tension will balance the downloads on the 
rear wheel. If the suspension linkage to the rear whed 
in the equilibrium condition is at that angle, there will 55 
be no net suspension movement due to that pedal im- 
pulse. If the angle is too flat, the bike will compress, if 
the angle is too steep, the chain tension will (using some 
of the rider's energy) lift the bike. Unfortunately, this 
balance angle does not stay the same for all conditions. 60 
It varies direcdy with the front and rear gears used. It 
varies with the angle of the road or trail. It varies with 
the geometry of the bike and with the rider's position on 
the bike. If the rear spring rate used is very high, then 
even if the applied force to the linkage is off angle 65 
slightly, it will result in very Uttle added deflection. 
Also, if the pedal or chain forces are low, and the ap- 
pUed force angle is very different than the linkage» the 



low forces will result in little added deflection. So the 
linkage angle is best tuned so as to be in the region of 
most likely high pedal impulse use, with a relatively 
high spring rate, in order to minimize lift or dive of the 
bike imder pedal loads and keep to a miniTmiTn the ped- 
alling energy absorbed by the rear wheel suspension. 

The angle of impulse force, measured from the 
ground, ranges from about 10 to about 22 degrees for 
most conditions with substantial power output Road 
bikes are most likely to be in the 10 to 16 degree range 
and mountam bikes will more likely be in the 14 to 22 
degree range. The optimum linkage angle for a road 
racing bike is about 13 degrees under nonnal resting 
load. The optimum linkage angle for an off road bike is 
about 18 degrees under normal resting load. Some of 
the suspension mountain bikes on the market have 
achieved angles close to or within the desired range. 
They have pivoted the rear chainstays in a vertical 
plane frxsm the seat tube, and in order to clear the tire 
and the front dendlleur, have placed the pivot above or 
in front of the front derailleur, achieving an angle of 
about 13 degrees, and 20 to 30 degrees for most others. 
The prior art bikes with steeper angles, such as at 26 
degrees, do not provide suspension under power. Chain 
tension lifts the bike until the suspension linkage hits its 
upper stop, locking it out. Most of the pivoted chainstay 
bikes have poor lateral and torsional rigidity between 
the head tube and the rear wheel. 

The invention uses rigid spring pivots to effect an 
articulation of the rear dropouts without creating loss of 
torsion and lateral stiffness or play in the frame. Rigid 
spring pivots are available commercially in a cyUndrical 
package constructed with stainless steel cross springs. 
The available springs in an appropriate size package for 
a bicycle are either too weak to take the loads involved 
or too limited in rotation angle to provide the move- 
ment desired or both. The commercial spring pivot 
takes less and less radial or axial torque load as it is 
deflected at increasing angles. The invention incorpo- 
rates spring pivots as part of the structure of the suspen- 
sion or bike frame. By eliminating the cylindrical pack- 
age, size and weight are reduced. By starting in the 
unloaded condition with a spring with small reverse 
curve, when deflected the spring straightens out and has 
full radial and axial load capability at its normal work- 
ing deflection position, or when the radial loading will 
be at its maximum. A multiple beam spring can be de- 
signed with- springs of varying reverse curvature to 
provide essentially constant load capability over a range 
of deflection. The commercial spring pivots are straight 
in the unloaded condition where their load carrying 
capability is highest The invention also incorporates 
springs designed with conqioate fiber construction to 
provide more energy storage for a given size and 
weight, and much greater combination of deflection 
angle and load capability than the commercially avail- 
able metal spring pivots. Glass fiber composite has 
about one fourth the modulus of steel, with comparable 
flexural strength. S-2 glass fiber epoxy composite has 
flexural strength up to 220 ksi with modulus in the fiber 
direction of 7,900,000 psL Compared to the modulus of 
steel at 30,000,000, the fiberglass can deflect 3.8 times as 
far as the steel without failure, storing in the process 3.8 
times as much energy. Thus, the fiberglass spring is 
more efficient than steel on an energy storage per 
weight basis. The best metallic ^ring material may be 
high strength titanium alloy. It achieves a strength of 
about ISO ksi with a modulus of about 15-16 ksi and a 
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density about half that of steel. The fiberglass spring as example, if a single directioii beam type spring is used 
above is only 2.8 times more efRcient on an energy for the rear wheel suspension, then each chainstay will 
storage volume basis, and is more efficient on an energy have two flex springs oriented so as to flex in the verti- 
storage per weight basis. cal plane, but with the connecting link between them at 
A further advantage can be obtained by utilizing 5 the appropriate said angle to the ground. The chain side 
multi modulus composite spring construction. For ex- springs and linkage could be made stronger than the 
ample, the fiberglass beam when deflected has its outer- . non-chain side in order to optimize the structure and 
most layers in the highly stressed condition, and the minimize weight The in-plane orientation of the rear 
inner layers are stressed proportionately less as they wheel would be maintained by a specially designed 
approach the center of the spring thickness. The inner 10 shock absorber or other spring or linkage assembly up 
layers are kind of loafing, and the outer layers are doing on top of the seat stays, which in turn are rigidly con- 
most of the work. If we use a higher modulus material nected to the rear dropouts, keeping the wheel straight 
such as carbon or boron fiber in the middle plies of the with the rest of the frame. 

spring, the middle layers will store more deflection There are some problems with composite springs 
energy than the glass they replaced, because of their IS which do not ordinarily show up on normal metal 
higher modulus. In addition, some materials such as the springs. They are the result of the anisotropic nature of 
carbon fiber, are much lower density than the glass fiber the fiber composite material. Composite springs have to 
they replaced. By using a multi modulus spring, both be carefully designed so as not to create large delami- 
the energy storage in a given volume of spring, and also nating loads between phes. Also, a composite spring 
the energy storage per weight can be improved. In the 20 with fibers oriented only in the axial or zero degree 
case of the preferred embodiment, this results in a direction will not have much resistance to side loadings, 
spring with a higher energy storage and a Ughter weight torsion or other splitting types of failure. If the spring is 
over a straight glass fiber spring. The glass fiber, carbon designed so that it has a significant reverse curvature 
and boron as used in the preferred embodiment are under a high deflection loading condition, it will be. 
merely indicative of the type of advantage which can be 25 difficult to keep the plies from delaxninating. A moder- 
achieved. Other fibers such as Spectra TM , Kevlar TM , ate reverse curvature is used on the preferred embodi- 
silicon carbide and so forth could also be incorporated ment springs in their unloaded condition, at which point 
to advantage. However, in most cantilever and beam they are under little or no stress, such that as load is 
spring designs, the material used must be able to handle ^plied, the springs straighten out and go into forward 
compressive and tensile loads. Some of the fiber com- 30 curvature, which forces the plies into each other. The. 
posite materials are not especially strong m compres- combination of loading stress and reverse curvature is 
sion, such as the Kevlar and Spectra. According to the never high enough to cause delamination of the springs, 
invention, when materials are used, they are placed in Where the fiber composite may have a tensile or corn- 
areas which see predominately tension stress. pressive strength of 250 ksi or higher (for carbon), the 
The springs can be optimized for a particular appHed 3S interlaminar bonding strength of the matrix resin may 
load direction by lengthening and thickening the spring be only IS ksi for example. 

member oriented in the direction of load only. This Another way in which the composite springs are 

creates an extra strong spring in a particular direction. strengthened is by reinforcement in other fiber direc- 

This can be used to advantage for example on the chain-. tions. For example, the spring can be wrapped with a 

stay structure which has a high compression component .40 unidirectional fiber 90 degrees to the axis of the spring, 

along the length of the chamstay, due to the high ten- to help maintain the springs shape and keep it firom 

sion loading in the bicycle chain under hard pedalling splitting apart under varying loads. The 90 degree ori- 

forces. The strong spring pivot pair linkages are located entation will not provide any appreciable increase in the 

in back of and slightly above the bottom bracket The energy storage capability of the spring as the fiber is 

relatively horizontal spring members are much more 45 oriented orthogonal to the bending stress. We have also 

substantial in order to take the compression stresses of found it useful to incorporate in the very center layers 

the chainstay than the vertical stabilizing spring mem- of a composite spring plus and minus 45 degree layers of 

hers. This is an important feature of the rigid spring typicaUy a high modulus high strength carbon fiber 

pivots, that they can be optimized for a particular stress material to provide shear strength and stifihess under 

direction. The spring pivots and chainstay assembly is 50 lateral loadings of the springs. This type of loading is 

tucked in out of the way of the riders feet, yet clears the very important in some of the suspension structures 

bicycle wheel and chain. The linkage then extends utilizing the rigid spring pivot concept It provides 

downward and backward toward the rear dropouts at lateral and torsional rigidity for the front fork suspen- 

an angle from the center of the forward spring pivot to sion assembly, the handlebar suspension assembly, the 

the center of the rear spring pivot of about 18 degrees 55 seat suspension assembly and the rear wheel suspension 

with the cyclist sitting on the bike for a mountain bike assembly. The shear layer in the center is not critical 

or about 13 degrees with the cyclist sitting on the bike with respect to 45 degrees, but could range from 30 to 

for a road bike. The dropout is connected to a light- 60 degrees without adverse affect 

weight seat stay assembly which is connected at the top Another feature of the invention as incorporated into 

to either anotiier spring assembly or preferably the 60 the springs is the method of handling the spring stress at 

optimized rotary shock. In some applications a leaf or the ends. Typically springs can fail where they are 

beam type spring or springs will provide suitable locat- clamped or fastened into a structure due to the high 

ing stiffness and geometry control and may be desirable strain in the clamped spring and stress riser resulting 

for other reasons such as space limitations, cost to man- from the spring end configuration. For example, the 

ufacture or assemble or low air resistance (aerodynam- 65 composite spring clamped between two pieces of steel is 

ics) or aesthetic considerations. This will generally be not a happy long life spring, unless it is operating well 

true when torque forces will not be transferred through below its maximum stress capabilities. The glass fiber 

the spring but supported in some other manner. For outer layers of the spring are subjected to large strain 
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rates, up to and including the ends. The steel is 3.8 times 
more rigid than the glass fiber composite, and concen- 
trates and increases the loading on the fiber layer in 
direct contact with it This can be bu£fered by incorpo- 
rating a thin tapered metal sleeve to reduce the struc- 5 
tural stif&ess of the metal clamping Joint, and further 
compensated for by bonding the outer layer of glass 
fiber to the metal structure with a tough but flexible 
adhesive such as 3M company film adhesive. These 
measures will reduce the stress concentration of the end 
joint and improve .the life of the spring, but the best 
method of supporting the spring at its ends is by sup- 
porting the highly stressed outer layers with additioiml 
fiber material of similar or lower moduliis in order to 
distribute the shear stress between the layers so as not to 
create any undo stress risers or fail the binding matrix 
material. The preferred form of this end joint involves a 
gradual increasing of the fiber layers supporting the 
basic spring layers, creating a tapered thickened end 
shape. After sufficient layers of the equal or low modu- 
lus fiber material to distribute and buffer the high stress 
areas of the spring, the remainder of the reinforced end 
joint can be made with higher modulus material such as 
carbon fiber or reinforced with metal structure as ap- 
propriate. 

Suspension travel is very important. The suspension 
devices with one eighth of one quarter inch of real 
usable travel do not provide any real advantage. The 
suspension function of the tire is much greater than that. 3^ 
Any suspension travel less than one-half inch for the 
road or 1 inch for off road or all terrain is not very 
desirable. The invention contemplates about one inch of 
travel for each member in road configuration except 
maybe less for the rear wheel and about double that for 3^ 
off road. 

Damping means is extremely important Preferably, 
damping should be able to be tuned to the particular 
application and even to the particular rider. It should be 
proportioned to the degree of velocity or severity of ^ 
bump. It should also vary with the position of the sus- 
pension. It should be smooth. It should not exhibit static 
friction. Damping devices disclosed herein have exr 
tremely low friction. In some cases it is advantageous 
for the damping mechanism to have different damping 45 
curves for compression than rebound. It should be rela- 
tively constant with varying temperature. The damping 
mechanism should be able to dissipate the energy it 
absorbs without detrimental temperature rise. The 
dampiog mechanism should be sealed or protected in 50 
such a manner so as not to be subject to rapid deteriora- 
tion by dirt and the environment or leaking of its inter- 
nal fluid. Optionally die damping means could have a 
bypass passageway, controlled externally, for adjusting 
the shock to varying conditions as the rider would like 55 
it 

For example, when climbing up hill, it is most effi- 
cient if the front and rear wheels can move relatively 
freely in order to follow the ground contour and main- 
tain best traction. If the shock is damping the movement 60 
significantly, it is eating the energy needed to climb 
with, and not really helping traction either. If the sus- 
pension can be freed up so that the shock provides 
minimal or only a Small amount of damping, the bike 
will climb even better than an unsuspended bike (cur- 65 
rently regarded as the best to climb with). Conversely, 
when descendmg, the shock absorber is necessary to 
control the motion and rebound of the suspension ac- 



tion, otherwise, the suspension oscillates and rebounds 
out of control. 

The ideal suspension function is to keep the tire in 
even pressure contact with the ground, or as close to 
even pressure contact as possible. On the bicycle with a 
very limited power plant, another function is to keep as 
much of the forward momentum energy from becoming 
wasted bump energy as possible. The suspension system 
must have a restoring force so as to return it to its bal- 
anced, static or equilibrium position after being pushed 
or disturbed. When the wheel rolls onto a bump, at first, 
the tire deflects and begins to accelerate the wheel and 
everything attached rigidly to it upwards. The force 
and duration of the acceleration are determined by the 
height and slope of the bump, the forward velocity of 
the bike, the deflection verses force behavior of the tire,- 
and the weight of the wheel and everything attached 
rigidly to it The energy to accelerate the tire, wheel, 
etc. upwards has to come out of the forward momentum 
of the bicycle. The invention seeks to minimize this 
energy loss in most cases for a bicycle. 

The second thing that happens is that the accelerating 
unsuspended mass attached to the wheel begins to com- 
press the suspension components, and due to the spring 
rate and compression damping forces, the suspended 
mass begins to be accelerated by the additional force 
above the static force in the suspension members. 

The third event occurs as the bicycle frame and fork 
are being accelerated upwards by the combination of 
the increase in suspension spring force due to displace- 
ment from neutral position and the damping force due 
to suspension travel velocity in the frame and fork sus- 
pensions. For small or medium displacements the sec- 
ondary acceleration of the bicycle frame wiU be much 
lower than that of the wheels. For large displacements, 
which reach the travel limits of the suspension device, 
the acceleration of the bicycle frume will increase with 
displacement and velocity and will reach the accelera- 
tion of the wheels at the upward travel limits of the 
primary suspension, i.e. when the suspension has bot- 
tomed out 

The accelerating bicycle firame will, in turn, begin to 
accelerate the handl^ars and saddle through their re- 
spective suspensions. Again, the acceleration will be 
dependent upon the increased spring force firom com- 
pression of the handlebar and seat springs combined 
with the damping force generated by the damping 
mechanism. As these two members will use relatively 
low spring rates compared to the frame and fork suspen- 
sions, they provide a great deal of isolation from the 
gmali and medium bumps, and take the ^largliTipg!^ out of 
the larger bumps. 

Note that the typical bicycle saddle itself is in effect a 
suspension device. The relatively thin nylon or polyeth- 
ylene shell with a thin foam cover and light weight wire 
saddle support frame all contribute to suspension func- 
tion. The rails, shell and foam all flex under an appUed 
load, even a so called hard racing saddle can flex where 
the cyclist sits about one half inch under a hard bump 
condition. This was very evident in a carbon fiber- 
/epoxy saddle shell, which although it was very hght, 
was also much more rigid than a typical racing saddle 
shell. The carbon fiber shell gave an extremely harsh 
ride on a standard bicycle and seat post. 

The first way to reduce the energy loss is to provide 
a very supple lightweight tire with a large deflection 
capability. This will reduce the upward accelerating 
force on a small bump and delay the maximum upward 
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accelerating force on a large bump. The tire selection fraction of the seal drag at the shaft. This, combined 

has to be balanced between suspension function, trac- with the very low friction pivots* results in an almost 

tion, weight, rolling resistance, and wind resistance. friction-less design. 

The next way to reduce the energy involved in the 

upward motion of the bump is to reduce the mass of the 5 SHOCK ABSORBER DESCRIPTION 

components being accelerated upwards. The invention As indicated earlier, an important part of this inven- 

at each place does an excellent job of this. In each case, tion is the shock absorber. Without a shock absorber, 

there is the weight of the tire and wheel, and a minimum the suspension system becomes much less effective as a 

weight structure and the least number and lightest vibration and shock isolator over a broad frequency 

weight of necessary components rigidly attached to the 10 range. At near-resonant conditions, with inadequate 

wheel (in the direction of suspension action). Wherever damping, the suspension system can actually become an 

possible, the unsuspended portion of the bike is made as amplifier, introducing large displacements and forces to 

Ught as possible, and any component which can be the suspended mass. To avoid this, an energy absorbing 

fimctionaDy located in a suspended configuration is so device is introduced into the system to smooth out the 

located. 15 responses over a broad range of excitation frequencies. 

For mstance, on the suspension saddle, the preferred ^ g^ock absorber is basically a device that dissipates 

embodiment has the saddle clamping, along with the vibrational energy. TTiis energy dissipation can be a 

front to back and tilt adjustmente, and the major mass of f^^^^on of disphicement. velocity, stress, and combina- 

the suspension spnngs, and die body and major mass of ^^^^ ^^^^ ^^^^ Typically, the damping 

hI^I r'^S. T '"^l ^ are generated by the hydraulic action of a fluid 

pended portion of the device. Only the hghtweight ^t ^^^^ ^ of orifices, usually 

to thTde^ce completely unsuspended p^^^^^ ^^at is activated by the displace- 

Simih^S?bi the preferred embodiment suspension m«itof the si^pension system. For auto^^^^ 

handlebar, the major mass of the rotary shock aid link- 25 1^^!" "^"1 relatively krge and 

age is mounted up inside the handlebar stem to minimize natural suspension frequency relatively low, good 

the unsuspended mass isolaUon can be achieved even with relatively 

The tuned suspension system needs to be able to re- damping characteristics. However for bicycle 

spond at a high speed in order to effectively cushion the apphcations where the nder is more direcUy coupled to 

rider and return the tire to the ground as quickly as 30 structure (both m an active and passive sense), the 

possible. Some of the prior art polymer damped suspen- ^amprng characteristics are more cntical. One claim of 

sion systems seem to have a sluggish response in return- ^ mvention is an advanced shock absorber device for 

ing the tire to the ground. bicycle and other lightweight vehicle appUcations. The 

The suspension system should allow the suspension foUowing sections describe this device and discuss how 

motion to occur only in the plane of the bicycle or 35 device can be made to achieve the desired energy 

motorcycle, or in the case of the front wheel or handle- absorbing characteristics for application in bicycle sus- 

bars, only in the plane containing the wheel and the pension systems. 

steering axis. The rigidity in all other directions should DESIRED SHOCK ABSORBER 

be very high for a high performance handling and feel. CHARACTERISTICS 
Many prior art suspension systems perform poorly in 40 

this respect ^e bicycle suspension system is basically made of up 
The un-suspended portion ofthe bicycle should be as isolation units. These are: the handle-bar, the 
light as posable, for low energy absorption upon hitting saddle, and the front and rear wheels. In a fully sus- 
a bump and fast return of the wheel to the ground after pended bicycle, the frame actually "floats'* between the 
clearing the bump. Some prior art suspension systems 45 pder contact points (handle-bar and saddle) and the 
with cast shock absorber bodies and other heavy hard- wheel isolation units, as illustrated in FIG. 1. The de- 
ware attached to the wheel dropouts have a relatively gree of isolation is dependant on the number of isolation 
high degree of un-suspended weight As a result, the tire active in the system. The quality of ride and the 
tends to bounce off the ground and provides poor trac- effectiveness of the suspension system in shock isolation 
tion. SO will depend on the spring and damping characteristics 

The invention in the preferred configuration as it of the active isolation units, 

relates to the seat comprises a composite cantilever There are several primary design goals for bicycle 

spring, with a separate linkage to a rotary hydrauHc suspension systems. These design goals may be catego- 

fluid logic shock absorber. The combination of spring rized under five main headings, namely: 

and rotary shock results in a very low static friction 55 !• Vehicle stabitity and control 

design, exhibiting the desirable properties of the Alsop 2. Riding comfort 

in this regard, but with automatic fiuid controlled vari- 3. Minimize structural damage to vehicle 

able damping, variable spring rate, positive geometry 4. Minimize weight and cost 

control and travel limits. The result is more than an 5. Reliability and low maintenance 

order of magnitude improvement in efficiency and rider 60 vprnrr ts ctabit rrv Axm fYixm>nT 

control. The rotary shock uses antifriction sealed ball VEHICLE STABILITY AND CONTROL 

bearings for the pivot, and the small diameter rotary For competition cycling, stability and control are 

seals have greatly reduced friction compared to the critical considerations in a suspension design. A key 

sliding seals of a conventional linear shock absorber. design requirement here is to keep the wheels on the 

Because of the small diameter of the seal surface com- 65 ground (prevent tire hop). It is diifficult to accelerate, 

pared to the relatively long moment arm of the shock steer, brake or control the bike in any other manner 

actuator, the force required at the end of the lever arm while the wheels are airborne. The damper is a critical 

to move the seal on the small diameter shaft is a small item in the suspension system to accomplish this. 
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Tire "hop" in bicycles can occur from several dons. Static friction in a suspension system gives an 

sources. It can occur from too little or too much damp* undesirable rough '*feer* to the system. Static friction is 

ing in the wheel isolation units and it can occur from too generally introduced into the system by damper seals 

little damping in the rider isolation units (or both). To and mechanical tolerances that cause rubbing of adja- 

illustrate, consider for the moment the idealized suspen- S cent parts. In this invention, steps are taken to minimize 

sion system in FIG. 1. Assume that the idealized suspen- static friction. For the rotary damper, discussed later, 

sion is completely frictionless (i.e., no dampers in the this is somewhat inherent in the design due to the me- 

system). chanical advantage of the driving linkage. A linkage 

From a suspension design point of view, the shock with a mechanical advantage of 10, for example, will 

loading of a bicycle frame occurs when the front and 10 experience a net reaction load of 1/10 of the static fric- 

rear tires encounter a series of bumps in a roadway. tion load. For linear danqiers special low friction seals 

Generally, the loading from the front and rear tires do must be used to minimize the effects of static friction, 

not occur simultaneously but a time lag exists between Our linear damper design is discussed in a later section. 

LSll^^S^jtriSn^^^^ « STRUCTURAL CONSIDERATIONS 

the vehicle speed and the vehicle wheel base (Lwb— High structural loading of a bicycle frame occurs 
FIG. 1). Because of this time delay, the general motion when the front and/or rear tires impact discontinuities 
of the bicycle frame will be a combmed rotational in the roadway. They can also occur from a hard land- 
(rocking) and vertical (pogo) action where the frame ing foUowing a jump. The detrimental effects of these 
osciUates between the ground and the rider contact 20 loadings can be minimized by an experienced rider who 
points. Without friction in the system this movement can anticipate and react to these conditions. However, 
can become dangerously out of control if the speed of there are situations where a cyclist (experienced or not) 
the bicycle and the spacing of the bumps are such that cannot react quickly enough to prevent overloading of 
the impulse energy occurs at or near a fundamental the frame (e.g., rough road at high speeds). In these 
frequency of the suspension system. In this mode, the 23 situations, the fr^me, handle-bar and fork loads can 
wheels will be off the ground a great deal of the time build rapidly if the bicycle is inadequately suspended, 
(tire hop) and the control capability of the bike will be Even if suspended, high frame loads can be introduced 
extremdy compromised if near-resonant conditions exist (with an inadequate 

The purpose of the shock absorber is to reduce the amount of damping) or if there is not enough damping 
oscillatory movement of the frame by dissipating some 30 in the system to prevent the suspension springs from 
of the stored energy in the shock isolation units. If the *'bottoming-out" during a hard landing. The damper 
damper units are properly *tuned" the movement of the unit is thus an important force limiting device for sus- 
frame can be minimized thus reducing the tire "hop" pended bicycle frames. 

problem. However, it is necessary to consider all of the The optimum damper characteristics required for 
active isolation units for optimum wheel control. For 35 single and multiple bump impacts are not the same. For 
example, adding damping only in the wheel isolation single impacts, a minimum amount of damping is desir- 
units will help the tire "hop" problem but the frame able to allow frill excursion of the suspension system 
(plus wheels) can still oscillate undamped between the without "bottoming" the suspension springs and to 
rider contact springs and the pneumatic tires (which are allow the springs to return their energy back to the 
basically undamped springs). The key point to be raised 40 ground on the downhill side of the bump and recover 
here is that the ideal damper design must be one that can the otherwise lost forward energy. However, for multi- 
be •'fine-tuned" (adjusted) for optimum wheel control pie impacts a higher amount of damping is needed to 
over a given range of vehicle speeds and riding terrains. prevent uncontrolled resonance. These requirements 
n TT^w^T^ ^Ax^^n'*^ ^^^re^TT^^T* a ««^^«.to pouit to the need for an adjustable damper unit that can 

RIDINO COMFORT CONSIDERATIONS ^5 ^ externally adjusted Vy the rider "oi^e-fly" to ac- 
Riding comfort for bicycles and other lightweight commodate the riding environment 
vehicles is considerably more limited than for automo- * .r^^,«™^« * ^^^t« 

biles. The most that caibe hoped for in Wcycle suspen- ^^JfcJ^^^'SS^^^ 
sion design is to minimize the acceleration response of BICYCLE SUSPENSION SYSTEMS 

the rider for a given riding environment This can be 50 Wdgfat and cost are extremely important design con- 
done by optimizing the spring and damping characteris- siderations for bi^cle suspension systems. Important 
tics of the, shock isolation units. Impacts with large factors here include material selection, fabrication 
bumps as well as the harsh vibrational environment methods and simplicity of design for-ease of manufac- 
induced by rough road conditions must be considered in turing and assembly. 
. the sxjspension design. Impacts by large bumps are best 55 t^^^ot^^t ^^^rr^T^^r. a ^^^t« 

isolat^by Urge spring Ipl^Jncal and Mgh damp- rklSS^^S^^ 
ing rates whereas isolation from high frequency vibra- RELIABILITY AND LOW MAINTENANCE 
tions (much higher than the frmdamental frequency of The majority of the bicycle suspensions currently on 
the suspension) is best handled with a small amount of the market are not adequately designed for high reliabil> 
damping. This seemingly conflicting requirement can 60 ity and low maintenance. Some of these systems pro- 
be accommodated by a stroke dependant damping unit, vide a level of shock isolation for a period of time but 
where a small amount of damping is provided for small are unable to withstand the less than ideal off-road con- 
osdllations (around the equilibrium point) but progres> ditions involving rough terrains and harsh environmen- 
sively higher damping provided for larger oscillations. tal conditions (mud, water, snow) and the hard, rough 
Our invention accommodates this requirement. How 65 handling by the competition cyclist The shock absorb- 
this is accomplished is discussed in a later section. ing units are the most critical parts of the suspension 

Another consideration for riding comfort is the sup- system, from the standpoint of reliability and low main- 
pleness of the suspension during normal, smooth opera- tenance. Linear shocks are susceptible to fluid leakage 
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because of the highly exposed seal surfaces and their AND E'-F'-G' (FIG. 3) and the bottom and top sur* 

tendency to pit over time. Our invention utilizes a ro- faces of the wiper blade (not shown). The primary flow 

tary damper for the preferred design. Rotary dampers is through the fluidic head, designated by the mating 

have less tendency to entrap foreign debris and the seal surfaces A-B-C-D AND A'-B'-C-D' (FIG. 3). 
surfaces are much more protected than the linear 5 The net damping moment produced by the rotary 

damper design. As a consequence, the rotary damper is damper unit can be expressed as, 
inherently more reliable from the standpoint of fluid 
containment Our rotary damper design is discussed in 

the next section. We also have an improved linear , f . f 

damper concept which will minimize the leakage prob- lo = •) r'<MA - PRESSi • I r*dAi 

lem. This damper design is discussed later. where 

THE ROTARY SHOCK ABSORBING DEVICE Mdamp=T>ampmg moment (in-lbf) 

General Description o^c'%^^n^"!f pressure (psig) 

PRESS/=Low fluid pressure (psig) 

The rotary shock absorbing device is the preferred dAA= Differential Area, High pressure side On A 2) 

shock absorbing unit for this invention. FIG. 2 is an dA/=DifFerential Area, Low pressure side (in A 2) 

exploded view of the device, showing its key working r=Distance of Differential Area Relative to Axis of 

parts. The rotary shock includes a housing assembly 20 Rotation of Wiper Arm (in) 

and 21 a wiper bkde unit 22, several "o-ring" seals 23 ^he pressure differential in the device (hence, the 
(3) and two sealed, preosion baU be^^^ 20 damping force) is controUed by the configuration of the 

oi^^^L^^K ^ ' ^"""^K^^ ^ Z ^ « the geometry of the wiping surface 

chamber 27 when the device IS ^ of the housing miit. A-B^-D (FIG. 3). 

v""- f "^.r """'^^ Th<^ fluidiThead 32 is an integral part of the wiper 

with some machining reouired to form the o-rme j j- * ji_ • ,jt. 

surfaces 24 and the be^e tx>ckets 28 These nam 25 blade unit and is created by machuung or moldmg of tiie 

surtaces 24 and the bearing Packets 28. These parts ^. ^ ^ ^ ^ 

could also be made of remforced plastic materials rem- ^^iL^i ♦v^ ^ ri!. r*i -j ^rn. /i j- i_ 

forced for added weight savings. It should be noted that 5^^*^° f The fluidic head is 

tiie geometry of the housing in FIG. 2 is for the seat ^^'^^^^ ^ arrangement of onfices and/or contoured 

shock absorbing device. Other apphcations (e.g.. han- ramped surfaces to form the flmd duct connectmg 

die-bar, front and rear wheel sh(Sc isolation units) re- 30 ^^f^.^^T ^i^'"^^ ^^""^ ^"""^ 

quire a similar housing but with a different exterior of flmdic heads are: 

geometry to accommodate the specific attachment De Laval nozzle 

points. The housmg is assembled by installing the wiper edge orifice 

blade unit 22, tiie "o-ring" seals 23 (3) and bonding tiie Vortex diode 

right and left sides of tiie housing using a carbon/epoxy 35 One-way mechamcal check valve 

material. A filler hole 29 is provided on tiie damper * ^ ^® de^ga details of these fluidic head 

housing for filling the device with damping fluid, types. 

The vwper blade unit 22 is tiie moving part of tiie jy^ Laval Nozzle (FIG. 4) 
damper that generates the damping force and it is actu- 
ated by one or more shafts 30 and 31 in bearings 25 and 40 ^ Laval nozzle is the preferred embodiment of 
26. The damping force is generated by the wiper unit damper. The wiper blade design for this concept is 
displacing fluid in front of the blade and forcing the shown in FIG. 4. (The dimensions are merely exem- 
fluid into the lower pressure area behind the blade. This plary in each of the embodiments shown in FIGS. 4-7). 
part is an aluminum forging with precision machining T)m is a converging-diverging nozzle that can accom- 
required to form the fluidic head 32 and the bearing- 45 modate both subsonic and supersonic flows in the flu- 
/seal shafts 30 and 31. The wiper blade unit rotates in ^^ic head. While compressible or incompressible fluids 
two sealed, precision ball bearings 25 and 26. The hous- could be used, the De Laval nozzle used in conjunction 
ing may include a needle valve NV controlled by-pass ^th a compressible fluid described later herein, can 
passage BP may be used for adjustment purposes. This produce a damping force v.s. velocity curve similar to 
passage may be controlled remotely for active dampmg SO Curve A in FIG. 8. This curve represents the function, 
control. Needle valve NV can have a knurled handle Fdamp=C*VA n 
for graspmg between thumb and finger to rotate same. where. 
Alternatively, the handle can be in the form of a pinion C== damping coefficient 
NVP which is rotated by rack NVR, which is remotely V=:stroke velocity 
translated by control cable NVQ which extends to a S5 n^velocity exponent 

convenient position for the bicyclist In practice, the velocity exponent for De Laval noz- 

FIG. 3 illustrates how the rotary damper works. The zles can be around 0.7. This gives a rather "gentie" 

figure is a section through the damper housing 20. The danq>ing curve (even for high stroke velocities) due to 

wiper or blade unit 22 is shown rotating counter-clock- the built-in force-limiting tendencies of the function, 

wise, giving a high pressure zone 34 in front of tiie 60 chaup PnoF npiPirc mro iri 

wiper blade and a low pressure zone 35 behind tiie SHARP EDGE ORIFICE (FIG. 5) 

blade. The high and low pressure zones set up a flow of Complex automotive shock absorbers use one or 

fluid through the device in the direction of the arrows. more staged pressure relief valves to attempt to provide 

The flow consists of two parts, the primary flow a similar type of damping response as the De Laval 

through the fluidic head 32 and a secondary flow as 65 nozzle. The problem with using a driUed hole in a piston 

leakage around the remaining parts of the wiper unit as the fluid restriction is that a sharp edged hole in a 

(see FIG. 3). The amount of leakage is kept to a mini- plate has a velocity exponent of 2 or greater. This means 

mum by a dose tolerance on the mating surfaces E-F-G the shock does almost nothing on small bumps, and 



10/15/2003, EAST Version: 1.04.0000 



5,405,159 

17 18 

comes in strong on a. large bump. Curve B in FIG. 8 is bike. For larger suspension movements (damper stroke) 

characteristics of this type of damper. Automotive resulting from large bump impacts and near-resonant 

shocks also typically provide more damping on the operations, a greater amount of damping is needed, 

rebound than on the compression stroke. They use one Passive damping control is achieved by making the 

way check valves to accomplish this. Again, they are 5 damping characteristics stroke dependant This is ac- 

protecting the shock absorb^. While a vehicle may see complished by shaping the wiping surface A-B-C-D 

a very hard upward impulse, as from a large bump taken (FIG. 3) so that the gap between this surface and the 

at high speed, the rebound force is limited to the force fluidic bead changes with wiper rotation (stroke). FIG. 

the vehicles springs exert on the unsuspended compo- 9a illustrates several embodiments. In this figure, the 
nents, and the rebound rate is limited by how quickly 10 fluidic head gap is plotted versus the wiper blade rota- 

the springs can accelerate the unsuspended components tion. Curve A-B*C, for esuunple* shows one design with 

back down to the ground. the gap increasing toward the center (neutral) position 

An intermediate type of fluid restriction passage is of the damper blade and a smooth transition between 

the long tube With smooth ends. If the flow through the the extremes. This configuration gives higher damping 

tube is laminar, the pressure velocity curve will be lin- 15 rates at the extremes of the stroke and lower damping 

ear where the pressure drop (hence, damping force) is rates near the neutral position, as indicated by Curve 

proportional to velocity. Curve F in FIO. 8 illustrates A-B-C in FIG. 9b. This is the preferred concept for the 

this type of damper. preferred embodiment. FIG. 10 shows the expected 

The wiper blade design for the sharp-edge orifice damping force v.s. displacement curve for this design, 
concept is shown in FIGS. So, 5b and 5c Two sharp 20 The opposite effect is illustrated by Curve A'-B'-C in 
edge orifices SEl and S£2 are shown. As discussed FIG. 9a For this design, the gap is small near the neu- 
above, this device will have pressure related to damping tral zone and maximum at the extremes. The resulting 
proportional to velocity squared or higher (see Curve damping curve is illustrated by Curve A'-B'-C in FIG. 
B, FIG. 8). The sharp edges create turbulence. This 9b, The damping rates are now highest near the neutral 
type of response will tend to provide nearly undamped 25 point and lowest at the extremes. As one can readily see, 
motion in small displacements, and extreme damping in virtually an infinite variety of damping characteristics 
large displacements. This type of response by itself is can be designed into the damper unit for passive damp- 
not particularly useful, but used in conjunction with ing control. 

other damping means or controls, it can work to advan- Active damping control is also an important optional 

tage. 30 feature for bicycle suspension systems. An active sys- 

VORTEX DIODE (FIG. 6) ^ *° **** ^ 

The vortex diode is a fluidic device that functions as 
a check valve, without movmg parts. It uses an induced 

vortex to check the flow in one direction. FIG. 6 shows 35 Active damping control can be provided by an ad- 

the wiper blade design for the vortex diode concept. justment screw or rotary or shding valve assembly (not 

The vortex diode VD cannot stop the flow completely. shown), manually or electrically operated, located in 

It offers an increased resistance to flow in one direction. the shaft of the wiper blade unit or outside of the pres- 

Used in conjunction with a De Laval nozzle, it can sure cavity. The two ports of the valve, regardless of 

provide a means for fine tuning the shock curves in 40 where the valve is ^tuated, are each connected to the 

compression veises rebound. Curves E and D of FIG. 8 two pressure chambers of the pressure cavity, respec- 

show the antidpated response of a damper having a De tively and corresponds to the by-pass BP shown in FIG. 

Laval nozzle working in parallel with a mechanical 3. In the case of the valve mechanism bemg contained in 

check valve or vortex diode. the wiper shaft, the two ports could be drilled into the 

MECHANICALCHECKVALVE(FIG.7) « E.te'^l^'^t^ S^TSSStrl^ 

A mechanical check valve concept for the wiper are separated by the adjustable valve assembly. This 

blade is shown in FIG. 7. This concept offers dancing valve assembly is intended to operate as a bypass system 

m the preferred direction with damping relief or reduc- for the De Laval nozzle. 

tion in the opposite direction (check valve open). The SO The nature of the preferred embodiment is such that 

size ofthe orifice can be adjusted to provide appropriate the pressure verses velocity curves for the intended 

restriction and since the orifice is generally going to be ports and valve structure would behave much like the 

of the sharp edge variety, it will have approximately sharp edged orifice with the power of 2 relationship 

power of 2 damping response with increasing velocity. (Curve B, FIG. 8). The valve would be closed and the 

Again, used in parallel with the De Laval nozzle, it can 55 shock forced to oi>erate in the De Laval mode (Curve 

be of benefit in fine tuning the rebound verses compres- C, FIG. 8) for example for a rough, high speed descent, 

sion response. where shock control of rapid multiple large displace- 
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ment bumps takes precedence over energy conserva- 
tion. For climbing, the valve would be open (Curve D, 
As indicated earlier in our discussion, damper control 60 FIG. 8) to minimize the energy loss on the relatively 
is a desirable feature for bicycle suspension systems. For small oscillations induced by the riders legs, allowing 
small bumps where the response of the frame is near the the springs to return as much energy as possible to the 
equilibrium point, a minimum amount of damping is forward energy. Even with the valve open, a high ve- 
desired, to maintain a supple *feel" and reduce the locity bump Mdll cause significant shock resistance, as 
amount of forward energy lost &iergy stored in the 65 the passageways and sharp edge configuration of the 
spring on the up side of a bump can be returned to valve and portiug will limit the amount of bypass, fore- 
forward travel if the stored energy can be used to push ing the De Laval tip to work. Of course the valve can 
down on the down side ofthe bump, re-accelerating the also be partially closed (Curve E, FIO. 8), to give an 
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intennediate response as deisired by the rider. FIG. 3 is 
a schematic of die damper adjustment assembly. 

OVER-PRESSURE SAFEGUARD 

In the event of an excessive impact, the design of the 5 
shock with the non-contacting wiper assembly allows 
for an unusual pressure relief device. Unlike a conven- 
tional shock absorber, where flexible seal devices main- 
tain contact with the sides of the container, imder very 
high internal pressure generated by an extreme impact, 10 
the walls of the rotary shock will flex outward, creating 
a larger clearance between the walls and the wiper. 
This in turn will allow for greatly increased leakage and 
increased flow through the De Laval nozzle which will 
in turn help to reduce the high internal pressure. IS 

APPLICATIONS 

The rotary shock absorber may be used effectively in 
all four isolation units in a bicycle suspension system, 1) 
handle-bar, 2) saddle, 3) front and 4) rear wheels. The 20 
following describes the various applications. 

FIGS. IIA and IIB illustrates the rotary damper in a 
handlebar shock isolation unit The unit includes a 
monolithic composite handle-bar and neck structure 50, 
handle-bar stem 51, multiple leaf spring 52, rotary 25 
damper 54 and the damper linkage 55. 

The multiple leaf spring system 52 is comprised of an 
''X'* spring integral with semicircular mounting base or 
stem portion 51. The X spring is comprised of two outer 
legs 52L and 52R, each of which is provided with a 30 
mounting armor pad 52P for securement to the over- 
hanging portion of neck 50N (shown in dotted section) 
which also mounts and houses rotary damper assembly 

54 and the actuating linkage system 55 coupled thereto. 
Linkage system 55 includes a pair of arms 55-1 and 55-2 33 
which ends are secured to the outwardly extending 
shafts of the damper wiper and opposite ends secured to 
the coupler member 55CM. A link support member 57 
has a bifurcated end 58 which is coupled to down- 
wardly depending coupling member portion 55CP. The 40 
base 57B of link support 57 is shaped to next in cavity 
51C of stem 51, and has a lower edge which cooperates 
with wedge 60 to secure the entire assembly in the 
steerer tube 61 of a bicycle. Stem tightener 59 has bolt 
hole 59BH through which pass wedge tightener bolts 45 
59WB to engage threaded bores 60B in wedge 60. 
When these bolts are rotated, they draw the wedge 60 
upwardly to lock the assembly in the steerer tube 61 and 

at the same time, draws stem tightener and base STB in 
locking relation with stem 51 in head tube 61. In a pre- 50 
ferred embodiment, head tube and bearing assembly 
shown in U.S. Pat. No. 5,002,297 is used. When a bump 
is encountered, the X spring 52 is loaded and the linkage 

55 operates the rotary damper as described earlier. 
FIG. 11c is a partial sectional view of the handlebar 55 

suspension system The ends of vertical springs 52L and 
52R are secured (by adhesive or bolting) to the upper 
wall of neck SON, which is integrally formed with han- 
dlebar 50. And the horizontal spring components 52 is 
similarly secured to the lower wall of hollow neck SON. 60 
Base 51' may include an integrally formed cable guide 
CX3. 

FIG. 12 illustrates the rotary damper in a seat or 
saddle shock isolation unit. The saddle shock isolation 
unit includes the saddle 70, two spring sets 71, 72, the 65 
rotary damper 73, the damper carrier linkage 74, over- 
board stop 79, the seat stem bracket 76 the seat stem 77, 
saddle dam 78. Spring 71 is bifurcated having flat 



spring legs 71A and 71B with pivot ends 71PA and 
71PB, each pivotally coupled to the clevises forward 
end 76C of seat stem bracket 76. The trailing or aft end 
of spring 71 includes a rigid saddle clamping area 71CA, 
one or more rigid bracket members 71BR, and rotary 
damper coupler 71DC. Spring set 72 is formed with (or 
secured to) seat bracket 76 and has a pair of flat leaf 
springs 72A and 72B, which are banned in a direction 
opposite the low in springs 71A and 71B and has pivot 
ends 72PA and 72PB which are pivotally coupled to 
bracket 71BR. The outwardly extended shafts (30, 31) 
of the rotary damper 73 are secured to the rotary 
damper coupler 71DC. In the illustration, a pair of 
brackets 71BR with damper coupler portion 71DC are 
formed with or secured to the seat clamp portion 71CA. 
Portions of the bracket are removed to reduce weight 
and also can form trademark indicia of the manufac> 
turer. The housing for damper 73 is secured to the end 
of . damper linkage 74 with the opposite end of linkage 
74 being pivotally connected to the downwardly de- 
pending pivot stub 76PS which is integrally formed 
with seat stem bracket 76. In order to avoid damage to 
the rotary damper 73 and other components, an over- 
load stop member 79 extends upwardly from seat stem 
bracket to a position where on the bottom of the most 
vigorous shock, the saddle mounting bracket 78 will 
encounter the elastomeric padded upper surface 79US 
of overload stop 79US. 

As shown in FIG. 13a, the rear suspension includes 
chainstays SOL and 80R, seatstay 81, rear dropout as- 
sembly 82, 83, which is formed of composite materials. 
Top tube 84 is welded to the upper end of seat tube 85 
and down tube 86 is -welded or secured to bottom 
bracket shell 87. The left and right chainstays, in this 
embodiment, are constituted by fore and aft "X" springs 
88, 89 joined by a channel member 90 having a section 
shown in FIG. 136. As shown in FIG. t3b, the channel 
has laterally extending horizontal flat members 91 and 
92 coupled to a flat base member 93 by a pair of vertical 
plate members 94 and 95. The fore "X" spring section is 
constituted by extensions of the flat spring members 91 
and 92 which are turned downwardly and fastened or 
adhered to the bottom bracket shell, and flat base spring 
member 93 is extended in a forward direction and 
turned upwardly crossing (e.g. forming an **X") be- 
tween the two downwardly turned fiat horizontal flat 
members 91 and 92 and is fastened to or adhered to the 
bottom bracket shell 87 and the down tube 85. Prefera- 
bly, as shown in FIG. 13c, the trailing ends of the mem- 
bers 91, 92 and 93 are formed as a socket 90S to receive 
seatstay studs 96, 97 which are welded to the bottom 
wheel bracket 87. 

The aft "X" spring section is similarly formed and 
secured to or formed with rear dropouts 82, 83. The seat 
stays 81 are illustrated as a "U" shaped tubular member 
secured to rear dropouts 82, 83. Tlie "X" springs and 
channel members are very rigid to forces in a horizontal 
plane. Forces in the vertical plane are operatively ab- 
sorbed by action of the "X" springs and the rotary 
damper. The upper end of the seat stay assembly 81 
includes a pivot bracket 97 and a rotating damper link 
98 has its aft end 99 pivotally connected to pivot 
bracket 97 and its fore end carrying the housing for 
rotary damper 100, the operating shafts 30, 31 being 
secured to clevis 101 which is welded to seat tube 85. 

Referring now to FIG. 14, a front wheel suspension 
system is disclosed. A rigid front fork 110 has a steerer 
tube in head tube 111. Downwardly depending legs 112 
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and 113 are coupled to the trailing ends of left and right LINEAR SHOCK 
composite spring members 114 and 115 which have 

wheel dropouts 116 and 117 formed with or secured to A linear shock can incorporate a number of the fea- 

the forward ends thereof. A rigid front fork member tures of the rotary shock described above. Instead of a 

118 having left and right legs 119 and 120 secured to 5 sliding seal, it may utilize a rolling bellows type of dia- 

dropouts 116 and 117, respectively, has bridge member phragm to contain the workmg fluid and prevent oon- 

121 with a clevis 122 on the traihng side and a control tamination and wear without incurring static friction, 

cable guide 123 on the leading or front side. A rigid Imk The piston and shaft move on linear baU hewing tocks 

124 (having left and right legs 124L and 124R) has Sreatly reduce static bearing friction m the umt As 

rotary damper 125 bonded or otherwise secured the rolling diaphragm is unable to resist high pressure, 

thereto. The lateraUy extending shafts 30 and 31 (FIG. ^ comprised of an outer chamber with an air or 

3) of rotary damper 125 are secured in lugs 128 which I' addjtional !yrmg loaded 

are welded to fork 110 rolhng bellows to take up the displacement as the shock 

Composite springs 114 and 115 are similar. They « traveled. The unit has an intermd^^^ 

includeforeandaftVsprings 130 and 131 which are constructed with variable waD mner diameter to 

.... , 1.- 1. u ri * allow for different dampmg levels at different portions 

jomed by an ^ member 132 which^ an upper flat ^ ^ 

component 133 which turn downwardly e«± end ^ ^ ^ ^ ^ 

andalower flat oamposite sprmg c^pon<»at 134 which ^^^^^^ ^ ^^^^ ^ 

IS turned upwardly formmg an ••X" with the down- 20 including- 

wardly turned flat composite spring components 133 ^00 series siUcon oil, compressible 

The traihng ends of these components can be shaped f^^^^ viscosity change with temperature, high tem- 

into a stud or stub for reception and securement in the perature resistance, very low static friction, fluid logic, 

lower ends of rigid depending legs 112 and 113 of front su^h as the preferred de laval nozzles, low exponent, 

fork 110. A shnilar arrangement can be used in the 25 fluid amplification, vortex diode, one way mechanical 

leading ''X" spring 130 and fork legs 119 and 120. valve, no sliding contact resulting in zero or low fric- 

In this arrangement fork 110 is fixed relative to mov- tion. 
ing front fork 118. The **X'* spring arrangement assures 

that the only movement of the wheel relative to the LEAF SPRING 

bicycle frame due to a bump in the direction shown by 30 The tapered leaf spring is a well known design. It has 

arrow so that the shock energy thereof will not be trans- the advantage that in addition to providing a spring 

mitted to the rider. function in a particular direction, unlike a conventional 

It is possible to incorporate plural cavities and wipers coil spring, it can also assist in controlling motion in 

for the damper. For example, in a double wiper configu- additional directions. As the typical cross section of a 

ration, the smaller cavity would provide progressive 35 leaf spring is flat, that is, it is much wider than it is taU, 

fluid resistance along the variable nozzle, while the it is much more rigid in the side direction than in the 

large cavity would also provide variable resistance spring direction. As such it can be used to control lat- 

during the compression stroke, but would incorporate a eral or side motion. The leaf spring can also be used to 

one way valve to allow free rebound. Thus, the gtnall control motion or provide rigidity along its length, at 

cavity with its distinct variable nozzle profile would be ^ same time. Thus it can provide not only the mechan- 

controlling the rebound, while both cavities would be energy storage needed but also act as a portion of 

used in controlling the compression stroke. articulation of the suspension. They are: Ught 

The only source of static friction in the isolation units weight, simple design, multiple functions, and high 

are the small diameter rotary seals in the damper unit capacity. . . 

The seals act at such a small lever arm that the net static If the tapered leafsprmg is made of a composite mate- 
friction is negligible. As the seal is rotary, the entrance nal utilizing high-strength fibos, it can achieve a much 
and wear from dirt is much lower than with a sUding ^S^er energy storage for a given size-than a conven- 
linear seal such as on a motorcycle front fork shock. ^°°f^,?^ ^f? 1° T^"? 
TTiis is a problem which has plagued many of the bicy- ^ ^f. f^f retamed by a high strength 
cle suspension front forks and other suspension pieces. ^ ^tnx material such as epoxy, polyester, polycarbon- 

Shocktody incorporating the other c^ponLts of (polyaimde), or polyumde can substantially 

ijiiuw.. uKyy mv«ii»uiauu5 uic uuiw wmpuucuuMui outperform Steel. If a sprmg IS lammated with a center 

Ae siBpension, made m.almmnum or molded plastic ^^^^^ ^ ^^J^ ^ ^^^^ ^ 

powCornmg2Wsenessihcx)M ^ silicorcarbide or cSbon.1then covered with 

has low viscosity cha^ 55 glass fiber on the outer layers, it can exhibit even higher 

to other fluids^gh ^peratm^s r^^ is available properties than the straight glass fiber spring. This lay- 

m viscosities from 0.65 cs to 100,000 cs for virtually ^ring is set up so as to use each type of material to its 

unlimited tuning. A preferred embodiment working ^es^ advantage, staying below its elongation lunit The 

range of 50 to 200 cs is envisioned. desire is to not stress each type of material beyond its 

If body is attached to other structure as mentioned, ^ fatigue limit 

with good thermal contact, a very small and light shock Another consideration is the linear properties of the 

unit will be able to take both high forces, and to dissi- leaf spring. As it is used for a linkage or articulation in 

pate a high heat load when necessary, without damage the longitudinal direction, the spring properties in that 

to the mechanism or fluid. direction should be addressed. One of the advantages of 

As rotary shock generates no net displacement, there 65 the layering of the difTerent fiber materials has been that 

is no extra nitrogen pressure chamber, foam, or spring the linear properties of the spring can be improved 

mechanism needed to take up the displacement as it substantially. Most of the energy storage of the spring 

sweeps, unlike a standard piston type shock absorber. occurs in the outer glass fiber layers, with the oontribu- 
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tion of the higher modulus core layers such as carbon or uous fiber composites that the interlaminar properties 

boron contributing less than the glass fiber. In the linear (shear, tension and peel) for a beam made of sheets of 

direction, however, the core layers of high modulus unidirectional plies are a small fraction ofthe tensile and 

material do a lot more. They can be a very important compressive properties of the composite. For example, 

part of the springs linear stiflhess and strength and sta- 5 a unidirectional composite made of carbon epoxy may 

bility. Carbon is especially strong for its weight in ten- exhibit tensile strength of 450 ksi, compressive strength 

sion and boron is extremely strong and rigid in compres- of 249 ksi, and interlaminar shear of 14 ksi. Thus if a 

sion. small radius reverse curved spring were to be highly 

Due to the composite structure of the preferred em- loaded, the forces acting between each of the layers 
bodiment leaf springs, the matrix materials have to be 10 would simply tear the layers of the spring apart. In 
considered very carefully. A spring design that creates order for the spring to withstand a high level of load, it 
a high level of stress between adjacent layers of fiber in must be straight or curved in the direction of force. This 
shear or in tension can cause them to separate. If the places the inner layers of the spring into compression 
force between layers is less than the maximum that the and the outer radius layers of the spring in tension, 
matrix bond can hold, or if the stress is compressive in 15 which works to hold the spring together. The compos- 
nature, then the spring can achieve the performance ite leaf and X spring pivots used in the preferred em- 
levels predicted by the high properties of the fibers. bodiment have a small amount of reverse curve molded 

An important feature of the leaf spring to the inven- in (large radius) which becomes about straight as the 

tion is that when it is used both as a spring and as an spring is loaded to normal position. At the low level of 

articulating member, the static firiction can be made 20 loading involved through this deflection, the interlami- 

very low. The spring will be able to flex with very little nar properties are adequate. Typically, the maximum 

hysteresis, and a small diameter pivot on the tip of the dynamic deflection of the composite spring will be 

spring can provide a very low friction connection. Be- about 3 to 5 times the normal loaded resting deflection, 
cause the moment of the static friction of the pivot is The X spring pivot is most strong when the deflec- 

very small, especially when compared to the spring 25 tion is a relatively low angle. For high angular deflec- 

length or moment, and the pivot is rotating through tions, the spring must be made thinner, and the resulting 

only a small angle, the static friction of the pivot can high curvature in the highly deflected spring makes it 

also be negligible. geometrically less stable in addition to the reduced 

X SPRING PIVOT thickness of the spring plies. As a result, the X spring 

A oriuxN^j rivui p-^^^ where the rotation angle is inversely re- 

The X spring pivot incorporated into the preferred lated to the loads which will be applied to the pivot A 

embodiment is a modification of the leaf spring. The higlhly loaded pivot should not be rotated a large 

pivot is different in that it applies cantilever tpique to amount, as a large rotation pivot should not be highly 

each end of the spring member, flexing the spring mem- loaded. Of course, by making the spring plates longer, 

ber in a uniform arc The longitudinal spring member is 35 wider and thicker, the load bearing capacity of the X 

a flat beam, with reinforced areas at either end. In order spring pivot will be increased for any particular rota- 

to keep the spring from moving out of position as it is tion. As the spring pivot acts as both a torsion spring 

being subjected to loads, there is at least one additional and as a rigid hinge pivot, it makes an excellent function 

and usually two additional transverse springs (at ap- for articulation of the suspension mechanisnL It pro- 

proximately a 90 degree angle) to the first one adjacent 40 vides a useful suspension spring, and since there are no 

to one or both »des. The midpoint and center of all of moving, rubbing or sliding parts, the static firiction is 

the springs lie along a straight line. Each set of springs essentially zero. This is an ideal characteristic for a 

keeps the other in proper orientation and allows the superior suspension system. With the angular limita- 

springs to resist compressive and off angle loads which tions of the X spring pivot, it can also be seen that rela- 

would otherwise not be possible. The set of springs 45 tively long linkages or swing arms should be used to still 

allow rotation essentially about the said straight line, as provide large suspension travel. It turns out this is just 

in a hinge. The design is inherently rigid in directions as well, as very short linkages give very non-linear 

other than the rotating mode, and as there are no mov- suspension movement and otherwise complicate sus- 

ing parts, there is no play or wear to compensate for. pension design. 

The preferred embodiment of the spring pivot also SO The development of the integral composite spring 

uses the composite type of construction mentioned in and pivot is useful in other area such as: 
the leaf spring description. The boron and or carbon 1) A cantilever brake set (not shown) using the X 

core with a glass fiber outer layer greatly reinforces this spring pivot as both return spring and caliper pivot. The 

spring against tension and compression loads. A given rigid, frictionless design will provide a superior, chatter 

X spring pivot can be made lighter and more compact 55 free stopping action. It wiU also provide precise return 

out of the preferred composite materials than for exam- and allow the use of small clearance between the brake 

pie, titanium or spring steel. pad and rim. Current brakes need to use a relatively 

In order to resist tension and compression, as well as large spring force to overcome the variable friction in 
sideways bending loads to the best extent possible, it is the pivots and still center the brake pads, in addition to 
desirable to create springs such that they are about 60 the cable friction in the housing, 
straight when in the normal level loaded condition, or The X spring pivot is lower than the standard pivot, 
loaded slightly more than the normal level loaded con- providing a more linear pad travel more perpendicular 
dition. This means the springs will have optimum load to the rim contact surface and reducing the tendency 
capability and structural rigidity in the most common for the pads to "dive** or slip underneath the rim as the 
and useful orientation. This in turn means that the 65 pads are used and wear occurs. This new pivot position 
springs are made initially, under zero load, with a small by itself will reduce the leverage acting on the brake 
reverse curve, that is curved into the direction of force. pads. The cantilever arm is envisioned being con- 
It is an unfortunate property of polymer bonded contin- structed of lightweight composite material, integrally 



10/15/2003, EAST Version: 1.04.0000 



5,405,159 

25 26 

molded with the X spring pivot. The arm will extend less, before the many pivots wear to a point where the 
upward above the top of the tire, and the single actuat- derailleur operation and performance is affected. The 
ing cable or other actuator will link the two cantilever current derailleurs, like the brakes, must include suffi- 
arms together. The net result can be increased leverage cient spring force to overcome variable pivot friction, 
over a traditional straddle cable design. In fact, the S as well as operating the derailleur in the return direc- 
iacreased leverage is anticipated to allow use of smaller tion. The X spring derailleur is envisioned as including 
and lighter type derailleur cable and housing for the both the derailleur spring and pivots in a one piece 
braking system. The key to using the lighter cable is molded composite unit There will be a hardened metal 
increased leverage and increased cable travel, coupled cage for wear resistance on the front derailleur, and 
with reduced cable tension or force. Of course a special 10 bearing pulleys on the rear. All of these components 
brake lever needs to be incorporated in order to in- being of one piece composite construction in the pivot 
crease the cable travel and it could also use the X spring areas, will be much lighter, more rigid and more accu- 
type of pivot for a smooth finctionless operation. The rate than conventional linkages. The rear derailleur will 
derailleur type of cable is very desirable because the probably still incorporate a conventional pivot shaft 
cable has been designed with a rigid type of housing 15 and jockey cage assembly, as the X spring pivots do not 
consisting of essentially linear wire strands imbedded in easily lend themselves to large angular displacements, 
a plastic material. The plastic material holds the wires in The parallelogram mechanisms using X spring pivots 
relation to each other and holds the housing shape in will be designed with longer moment arms than conven- 
place. The essentially (the strands may have a slight tional linkages in order to provide more linear move- 
spiral twist) linear wire strands resist the compressive 20 ment and smaller angular displacements, 
forces in the cable housing very rigidly, especially com- While various preferred embodiments of the inven- 
pared to the spiral wrapped wire housing convention- tion have been shown and described, it will be appreci- 
ally used for bicycle brakes. The linear housing also ated that numerous other adaptations and modifications 
includes a low friction plastic material liner to reduce of the invention will be readily apparent to those skilled 
cable friction and wear. The linear cable and housing is 25 in the art. 
much hghter in weight than conventional spiral What is claimed is: 

wrapped in the same size cable, and much lighter with 1. In a bicycle having a frame, handlebar-steering, 
the use of smaller cable. seat front and rear ground engaging wheel assemblies 

For quick release of the wheel, a snug fitting bushing attached to said frame of said bicycle, and a suspension 
pivot in the standard cantilever pivot position with an 30 unit, said suspension unit having a linkage, said linkage 
adjustable inward stop is used. In normal use, there is no having at least one rotary shock absorber having an 
play in the snug bushing, and it rests against its inward off-center cavity, working fluid filling said cavity and a 
stop. The bushing is not so snug that the cyclist cannot rotary shaft and a vane element mounted on said rotary 
overcome its friction and after releasing ih& actuating shaft, said off-center cavity having walls so that as said 
device, swing the cantilever arm away from the rim, 35 rotary shaft of said shock absorber is rotated, said vane 
providing clearance to remove the wheel and tire. To element sweeps a path in said off-center cavity causing 
reinstall, the cyclist Just pushes the cantilever arm back said working fluid to be displaced through at least one 
up against the stop, and reattaches the actuating cable fluid control path selected from fluid metering gap, 
or hydraulic actuator mechanism. There are different orifice or fluid logic device for resisting an applied 
ways to attach a cable to these new brakes. 40 rotary displacement and means mounting said suspen- 

1. Incorporate a housing stop into one brake arm, and sion unit between said firame and at least one of said 
extend the cable to the other one. assemblies, said linkage having a plane normal to the 

2. Incorporate a housing stop on the fork, handlebar axis of said rotary shaft and including said path of said 
stem, fitame, or suspension member and run the cable vane, said Imkage further comprising pivots and lever 
first to one brake arm or caliper and around a roller or 45 arms constructed so as to provide a high resistance to 
other pivot assembly to the other brake caliper. deflections out of a plane through the plane of said, and 

3. A conventional straddle cable will work. said linkage including one or more spring elements, said 
Hther of these first two methods allow for the brakes one or more springs having a spring rate which pro- 

to be installed in tigjht fitting places where it is currently vides positive centering force to reposition the assembly 
difficult to install standard brakes currently. The second 50 to an equilibriimi position fiom any other position, 
one also allows for the bare cable to actuate the brake 2. The invention defined in claim 1 in which said one 
from an off center position, while stiU balancing the or more spring elements are selected from cantilever or 
brake forces. This is especially advantageous in places leaf spring types, and in which the one or more springs 
such as the rear brake on a small firame, where the strad- are also acting as one or more of the lever arms of said 
die cable type or U-brake or Cam operated type of 55 linkage. 

brake is running into the seat tube, and the cable cannot 3. The invention defined in claim 2 in which said one 
be routed through the seat tube because of the seat post or more spring elements constitute one or more of said 
inside. The preferred embodiment can come around the pivots. 

side of the seat tube and provide a powerful and bal- 4. The invention defined in claim 2 in which said one 
anced design. 60 or more springs are constructed of a high strength com- 

A different type of spring pivot brake is anticipated posite material having center and exterior layers and 
for the road verdon, repladng the traditional side pull wherem said composite material is selected from the 
type of brake. group comprising, fiberglass, high modulus fiber mate- 

2) Derailleurs designed around the X spring pivots rial, including boron or carbon fiber in the center layer 
can also offer the benefits of frictionless, precise perfor- 65 of said one or more spring elements and a high strength 
mance. The springs will not be contaminated with dirt lower modulus fiber material in the exterior layers, 
or moisture, and will not wear and develop play. Typi- 5. The invention defined in claim 2 in which said one 
cal derailleurs currently work for about one season or or more springs are constructed of a high strength com- 
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posite material and wherein said composite material is 
selected from the group comprising, fiberglass, high 
modulus fiber material, including boron or carbon fiber 
in the center layer of said one or more spring elements 
and a high strength lower modulus fiber material in the S 
exterior layers. 

6. The invention defined in claim 1 wherein said fluid 
control path is a fluid metering gap positioned between 
said walls of said off-center cavity and the rotating vane 
element of said rotary shock absorber, said rotary shock 10 
absorber having a stroke, said metering gap changing 
cross-sectional area at different angles of rotation of said 
vane element in order to change the dynamic resistance 
of said shock absorber over said stroke. 

7. The invention defined in claim 6 wherein said me- 15 
tering gap is reduced in the region of the said equilib- 
rium position, increasing in dimension as the vane is 
rotated away from said equilibrium point 

8. The invention defined in claim 7 wherein said 
working fluid has significant compressibility and is sili- 20 
cone. 

9. The invention defined in claim 6 wherein said seat 
having a maximum deflection, and said metering gap 
decreases in dimension towards the maximum down- 
ward deflection of said seat. 25 

10. The invention defined in claim 1 wherein said 
vane element has a stroke and said shock absorber hav- 
ing a vane-type element sweeping an internal off-center 
cavity, including a pair of lateral extending shafts, two 
anti-friction bearings in which said shafts rotate, and a 30 
fluid metering gap between the vane element and the 
walls of said off-center cavity which fluid metering gap 
varies significantly in dimension over the stroke of said 
vane element and constitutes said fluid control path, 
said woridng fluid is hydraulic fluid, said vane element 35 
having a shaft protruding on both sides and rotary bear- 
ings supporting said shaft, said shaft being both a shaft 
supporting means for said vane element and operating 
said vane element in said shock absoiber and being one 
of said pivots aiding in the control of the motion of said 40 
assembly and assisting in maintaining a predetermined 
orientation of one of said handlebar-steering, seat, front 
and rear ground engaging assemblies through its sus- 
pension travel and keeping said assembly from rocking, 
twisting or deflecting laterally or in any other way than 45 
in a fixed plane, and in which said one or more spring 
elements are selected from cantilever or leaf spring type 
springs, and in which the one or more springs act as one 

or more of the lever arms of said linkage controlling the 
displacement of one of said handlebar-steering, seat, 50 
front and rear ground engaging wheel assemblies, said 
one or more springs having exterior layers being con- 
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stnicted of a high strength composite material with a 
combination of high strength composite materials with 
a high modulus fiber material selected from boron and- 
/or carbon fiber in the center layer of the spring and a 
high strength lower modulus fiber material in the exte- 
rior layers. 

11. The invention defined in claim 1 wherein at least 
one of said one or more spring elements is an '*X" 
spring. 

12. The invention defined in claim 1 wherein said at 
least one of said one or more spring elements is a bifiir- 
cated flat leaf spring. 

13. The invention defined in claim 1 wherein said 
working fluid is displaceable and said rotary shock 
absorber includes means for adjusting the rate of dis- 
placement of said working fluid as said rotary vane 
element sweeps in said off-center cavity. 

14. The invention defmed in claim 1 wherein said 
fluid logic device is a De Laval nozzle. 

15. The invention defined in claim 1 wherein said 
spring element is a cantilever spring and said spring 
element and rotary shock absorber to provide suspen- 
sion linkage and travel, energy absorption and return, 
and shock damping for said bicycle. 

16. The invention defined in claim 15 wherein said 
cantilever spring constitutes one or more links in said 
linkage. 

17. The invention defined in claim 15 wherein the 
shaft of said rotary shock absorber constitutes one or 
more of said linkage pivots. 

18. The invention defined in claim 15 wherein said 
rotary shock absoiber has a case and said cantilever 
spring is integrated with suspension and is attached to 
said case of said rotary shock absorber. 

19. The invention defined in claim 15 wherein said 
cantilever spring acts as one leg or side of a parallelo- 
gram of trapezoidal linkage and said rotary shock ab- 
sorber acts as another side allowing a basically pivoting 
suspension motion while maintaining essentially parallel 
or level orientation between a suspended member and 
an unsuspended member between one or more of said 
handlebar-steering, seat, front and rear ground engag- 
ing assemblies. 

20. The invention defined in claim 15 wherein said 
cantilever spring constitutes one side of a parallelogram 
or trapezoidal linkage and actuating lever of said rotary 
shock absorber acts as the opposite side. 

21. The invention defined in claim 15 wherein said 
cantilever spring has a loaded and an unloaded condi- 
tion and is made of a composite with small reverse 

curve in the unloaded condition. 

***** 
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